To sum up, I am certain that in the case of tuberculosis of the lings especially there is scope for a great deal of work to be done with vaccines, and I am sure that that work will repay the time and labour if the doses are used with care and not pushed unduly. Tuberculin is a powerful remedy, and so the doses must be very minute, but if it is used with judgment, especially in conjunction with sanatorium treatment to build up the patient's general condition and resistance, I feel sure that the results will repay us.
Mr. LEONARD NOON: I want to ask you to consider what is an ideal vaccine-what should be its constitution and what properties it should possess. As has been pointed out already in the course of this debate, a diseased animal receives into its system, from the site of infection, products which may be grouped under three headings: (1) The first of these corresponds roughly to the protoplasm of the bacterial body, and gives rise, in the animal, to the production of opsonins, of amboceptors, and of agglutinins; (2) The second includes toxins and endotoxins, a series of bodies which cannot be defined very easily, but which we may roughly describe as soluble products of bacterial growth, which exert a toxic action when injected into animals; (3) Lastly, there are the substances set free by the disintegration of the animal tissues at the site of infection. In the course of disease, and in response to this autoinoculation, the body elaborates antibodies corresponding to all these different products, and in many cases recovery is the result. But in many others, on the contrary, the immunity is not sufficient, and the natural process fails. This is the place where medicine steps in, and claims to improve on the processes of Nature; for I think that the moment we begin to practise therapeutics we are assuming a kind of authority over Nature's workings, and that we should recognize this fact and not try to shirk the responsibility which it carries with it. The masters of our profession who have claimed, in the past, to follow with humility Nature's lead were insisting on what was at the time the more important point of view, but a point of view which cannot be considered to embrace the whole truth. Now in vaccine therapy we try to make use of a natural reaction, but we try also to increase this reaction beyond the limits it would attain without our interference. This we can do because we have learnt that in every disease some tissues are left at least comparatively healthy, and that these tissues may be stimulated to activity for the v-11 benefit of more gravely injured parts of the body. We have also learnt that the auto-inoculations of disease may be either deficient or excessive, whilst our therapeutic inoculations can be regulated at will. Thus far most of those who have taken part in this debate will be agreed, but beyond this point there seems to be a wide divergence of opinion. There are those who consider the labour and uncertainty of further investigation, and would rather devote their time to reaping the harvest of our present knowledge. On the other hand, there are those more hopeful beings who are convinced that a more detailed analysis of the processes of immunization will be rewarded by the discovery of wider fields of practical utility in the future.
One line of inquiry deals with the constitution of the vaccine itself. The heated bacterial emulsion generally used is obviously a very different thing from the living bacteria themselves, and from the bacterial mnatter which escapes from an infected focus into the surrounding tissues. These differences can only be investigated, at present, indirectly, the chief method being that of inoculation into man or animals and measurement of the reaction set up. Investigation by this method will answer the questions as to whether our heated vaccine will give rise to increased production of opsonins, amboceptors, agglutinins, antitoxins, antitrypsin, and the like. Let us review the present state of our knowledge on these heads.
Opsonin.-Abundant proof is forthcoming that the opsonic power of the serum is increased by inoculation of heated vaccines. In the case of one organism I was able to compare the opsonic response to inoculations of living cultures and emulsions sterilized by heat. The organism was the Bacillus pseudo-tuberculosis rodentium. The experimental animals were rabbits; these animals are easily killed by the inoculation of living cultures, so that partially immunized rabbits had to be used. This had the further advantage that the reaction was more rapid than in the case of untreated rabbits, and the fallacy introduced by the multiplication of the living microbes after their introduction was thus minimized. A batch of rabbits was rendered partially immune, and then one lot were inoculated intraperitoneally with living, the other lot with killed emulsions. It was found that the emulsion sterilized by heat was competent to produce a rise of the opsonic index in doses smaller by many times than the living emulsion. The minimal dose of the latter was ten or fifteen times greater than that of the heated emulsion. It seems probable, therefore, that the active substance is held locked up within the living bacilli, and set free in available form by the process of sterilization by heat.
Amnboceptor.-If we accept Ehrlich's views, and the work of Bordet and Gengou on complement deviation, then we can measure the bacterial antigen in any emulsion by mixing it with a known immune serum containing the corresponding amboceptor and determining the complement-deviating power of this combination. The antigen thus measured is supposed to be the substance which stimulates the formation of amboceptor in the tissues. The available antigen in living and heated emulsions of the Bacillus pseudo-tuberculosis was compared by this method, and again the advantage was on the side of the heated emulsion.
Antitoxin.-Most of the toxins which can be obtained in workable quantities are destroyed by heat, so that our heated vaccines are, generally speaking, free of these toxins, and probably, therefore, do not give rise to antitoxin production in the body. The heated vaccine is not, however, to be condemned on this score, for the presence of a notable quantity of toxin would limit the dose which could be employed with safety. With such a vaccine the toxin would be the predominant factor in determining the dose, and we should, of necessity, aim at producing antitoxic immunity, whilst other forms of resistance would be lost sight of. But these latter are the more important, because they are directed to the removal of the infecting agent. It is therefore an advantage to use an atoxic vaccine in what is essentially an antibacterial treatment. At the same time, one may admit that there is room for an antitoxic treatment in some cases, either by the use of antitoxin as in the case of diphtheria, or by the inoculation of small doses of toxin, regulated to excite an active immunity. I would only insist that this latter scheme of treatment is one of which we have as yet no accurate knowledge, and which will probably present difficulties of its own. Its rules need to be worked out separately almost from the beginning. The attempt to induce antitoxic and antibacterial immunity by one and the same inoculation seems 'to me only likely to lead to confusion and failure.
Antitrypsin.-The products of disintegration of the animal tissues, which flow into the system from the site of infection, no doubt give rise to antibodies of various kinds, but at present we are ignorant of all these except one-antitrypsin. The inoculation of. bacterial vaccines, as a general rule, increases the antitryptic power of the blood serum, this reaction being explained by the breakdown of some of. the leucocytes which crowd the tissues at the site of inoculation.
From the above it is clear that the reaction to inoculation is a complicated one, corresponding to the complex constitution of the vaccine. We cannot expect to obtain a reaction which is the best possible in every respect. Where the conditions are such that ordinary clinical examination enables us to judge between success and failure in the case of each successive inoculation, we are watching a summation effect, and we say the balance is on the side of improvement or the reverse. But where the case is more difficult and we cannot thus sum up the results of an inoculation, we are driven back on blood examinations, and we have to select one or more of the components of the total immunizing reaction for measurement. The opsonic reaction derives its pre-eminent importance from the fact it is almost universally applicable. All animals use the phagocytic method of defence against bacterial invasion, and, among mammals at least, phagocytic activity is dependent on the opsonic power of the blood. This holds true for all bacteria yet investigated, and the opsonic power may be measured by one and the same method in nearly every case.
There is one point of practical detail which has been raised in this discussion to which I should like to refer-namely, that of stock vaccines. Dr. Whitfield treated this subject rather shortly at the end of his speech. He has found, and I think most of us will agree with him, that staphylococcal vaccines, prepared from recently isolated cultures, are more active than those made from old laboratory strains. The vaccineonce prepared will keep for a long time. But these observations on staphylococci must not be taken to apply generally to vaccines prepared from other groups of bacteria. One need only mention the typhoid bacillus, which gives efficient vaccines after going through frequently-repeated subcultures for months or years; whilst, on the other hand, the vaccine prepared to-day will be useless in six months' time, and will have deteriorated in a shorter time still. In the case of pneumococci we are faced with another difficulty, for the pneumococcus isolated from one case of pneumonia may have little effect when inoculated into another patient. But it is very necessary to have a stock vaccine for the treatment of a disease so rapid as pneumonia, where every day is of importance. A stock vaccine prepared from several well-attested strains of the pneumococcus, isolated from cages of acute pneumonia, is found to give good results in nearly every case, and a first dose of this may be followed by the autogenous vaccine after a day or two.
